The WEAR Scale was used to collect data on the social acceptability of three wearable devices from 1,387 participants from the US Midwest and Silicon Valley. The most notable result was that a head-worn "medical device" was rated as more socially acceptable (d=0.78) than the same device described as a "brain fitness tool," which was the opposite of what was hypothesized. Also, as hypothesized, Silicon Valley participants found the wearables more socially acceptable than Midwestern U.S. participants. The Scale and these results enable industry to better predict the human factors affecting social acceptability of wearables throughout development and before market release.
INTRODUCTION
In 2016, the global wearables market was 265.88 million units. It is forecasted to grow to 504.65 million units by 2021. Such wearables include a variety of form factors and device types, such as body-worn cameras, wrist-worn fitness trackers, and displays for viewing augmented and virtual reality (Lomas, 2017) .
However, a new wearable entering the market will only be successful if people consent to wearing it. Industry must grapple with the tension between creating new, body-worn technologies and the negative social consequences that may arise in reaction to such novelty. Google Glass is a prime example of how people can harshly reject this new category of technology; within a year of its release, backlash included a "Stop the Cyborgs" anti-Glass campaign (Greenfield, 2013) .
The WEAR Scale (Kelly, 2016; Kelly & Gilbert, 2016 ) was developed to measure the social acceptability of any given wearable or prototype and has been demonstrated to be both valid and reliable. The WEAR Scale has thus far been used to assess six wearables, including in the present study a wristworn smartphone, wireless earbuds, and a brain-sensing headband ( Figure 1 ).
Figure 1. WEAR Scale mean scores gathered in this study
and a previous study (Kelly, 2016) .
For the purposes of the Scale, a wearable was defined as a computer or electronic device that is personal, personallyowned, and worn on the body (on skin or clothing) but excluding wearables that are not visible (e.g., inside or under clothing). To define social acceptability, we first need to understand that it is connected to human actions. Putting something on one's body, including a technological device, is an action that falls somewhere on a continuum of social acceptability. A person will use existing knowledge and gather information about current surroundings to make decisions about the social acceptability of their actions. Observers' reactions then serve as feedback (positive or negative) on the social acceptability of a person's actions, such as wearing a certain device (Goffman, 1959) .
The present research builds on and complements the studies that were conducted in developing the WEAR Scale. The three devices used in this study were chosen because they are quite different from each other, are worn on different body areas, are of differing sizes, and represent a combination of both existing and newer technologies. In addition to collecting normative data, this study tests five hypotheses (see Table 1 for stimuli). These hypotheses are detailed in the "Related Work" section below.
RELATED WORK
Wearable devices will likely become an integral part of the emerging Internet of Things (IoT), and it is possible to imagine a future in which they will overtake the nowubiquitous smartphone. However, for users to adopt a particular wearable, people must first deem the device acceptable for themselves and others to wear. While technology acceptance and adoption have been thoroughly explored (e.g. Rogers, 2010) , putting technology on one's body is quite different than other types of technology adoption.
Existing adoption models like the Technology Acceptance Model (Davis, 1989) or Unified Theory of Acceptance and Use of Technology (Venkatesh, Morris, Davis, & Davis, 2003) were conceived for information technology in an MIS (management information system) context and are not clearly applicable to technology that is placed on one's body to be viewed in public. Recently some articles describing wearables have noted the importance of social acceptability (e.g. Adapa, Nah, Hall, Siau, & Smith, 2017; Rauschnabel et al., 2016) , but the WEAR Scale is the first known attempt to measure the social acceptability of any wearable device or prototype.
Related research includes a study that compared models wearing no equipment, eye trackers, consumer technology such as headphones, and nontechnology items, e.g., sunglasses. The models wearing no equipment were rated the most trustworthy, most friendly, and most intelligent. These findings suggest that people perceive others more positively when they adhere to expectations for what people naturally look like (Lum, Sims, Chin, & Lagattuta, 2009 
Hypothesis 1
It was hypothesized that a wrist-worn smartphone (Stimulus 1) would be perceived to be more acceptable when it is described as a "watch" rather than a "phone." This is because a watch has been one of the first worn technologies and it is a fully accepted accessory, whereas putting a phone on one's wrist is not. By extension, calling a wrist-worn smartphone a "watch" should increase its acceptability. Conversely, wearing a smartphone on one's body is much less accepted, and describing such as a "phone" should decrease acceptability.
Hypothesis 2
Black earbuds were expected to be rated as more socially acceptable than beige earbuds (Stimulus 2) because black connotes style whereas beige connotes assistive technology or medical necessity (Lohr, 2002) . It has been frequently found that people will abandon assistive technology devices due to a normative incentive to conceal one's disability (Parant, Schiano-Lomoriello, & Marchan, 2017) . Many medical products, particularly hearing aids, are beige, off-white, or gray. Thus, it was hypothesized that a wearable that was beige would carry the negative connotation of being both outdated and medicalized, whereas a black wearable would rate more favorably in terms of social acceptability.
Hypothesis 3
It was expected that a brain-sensing headband (Stimulus 3) would be rated as more socially acceptable when it was described as a "brain fitness tool" than when it was described as used for "managing medical conditions." The reasoning was similar as in Hypothesis 2. The stigmatization of assistive technology is well-documented throughout the professional literature (e.g., Parette & Scherer, 2004) .
Hypothesis 4
Overall social acceptability of wearables was hypothesized to be higher for participants from the San Francisco Bay Area ("Silicon Valley") as compared to participants from the Midwestern United States. Silicon Valley is home to many of the world's largest high-tech corporations and thus could be described as embodying a "technological saturation" (English-Lueck, 2017) that is expected to be evident in the WEAR Scale scores of its population.
The WEAR Scale, established and validated in (Kelly, 2016) , was used to test these hypotheses. The Scale's 14 items and two factors are shown in Table 2 . I could imagine aspiring to be like the wearer of such a device.
This device is consistent with my self image.
This device would enhance the wearer's image.
The wearer of this device would get a positive reaction from others.
I like how this device shows membership to a certain social group.
This device seems to be useful and easy to use.
This device could help people.
This device could allow its wearer to take advantage of people. (R)
Use of this device raises privacy issues. (R)
The wearer of this device could be considered rude.
Wearing this device could be considered inappropriate. (R)
People would not be offended by the wearing of this device.
This device would be distracting when driving.
METHODS
To address Hypothesis 4, participants were recruited from two distinct populations. One population was people attending or living in the vicinity of Iowa State University and the other was people living in the San Francisco Bay Area, California ("Silicon Valley"). Per methods approved by the university Institutional Review Board, an invitation email was sent to all university students, faculty, and staff (approximately 40,000). Also, personal contacts of the researchers were invited via email or verbally, using the email as talking points. For the California sample, an invitation email was sent to the database of people who have voluntarily registered to participate in surveys for UEGroup. At the end of the study, participants could enter their name/email into a random drawing for one of five $50 Amazon.com e-gift certificates.
The three sets of stimuli shown to participants are provided in Table 1 . Either the description or image randomly varied between participants to test the effect on social acceptability. For Stimuli 1 and 3, all participants were shown both images, while the description randomly varied between participants. For Stimulus 2, participants randomly saw either the beige or black earbud, while the description was constant.
The 14 WEAR Scale items (Table 2) were presented in random order. Respondents answered each item according to a 6-point Likert scale (Strongly Agree=6, Agree=5, Somewhat Agree=4, Somewhat Disagree=3, Disagree=2, Strongly Disagree=1). Items marked with an (R) were reversed scored because agreement represents lack of social acceptability. Dividing an individual's score by 14 provides a mean score that ranges from 1 (extremely low social acceptability) to 6 (extremely high acceptability).
RESULTS
After removing responses that had incomplete data for the WEAR surveys, a total of 1,387 participants were included in data analysis. They had a mean age of 27.9; 52.5% were female, and 81.2% had at least some college. Table 3 provides for each condition the number of participants, and the WEAR score mean and standard deviation. Stimuli 3a was rated as the least acceptable and Stimuli 3b rated as the most acceptable. 
Hypothesis Testing and Qualitative Data
An independent t-test was conducted in SPSS to test the first four hypotheses. Assumptions of normality and homogeneity of variance were tested using the Shapiro-Wilk Test and Levene's Test respectively, and assumptions were met unless otherwise noted. Regardless, lack of normality in any group analyzed herein is not an issue because when a sample exceeds hundreds of observations, parametric procedures can be used even when the data are not normally distributed (Ghasemi & Zahediasl, 2012) . When Levene's test was p < .05, then the "equal variances not assumed" statistics from SPSS were used. The fifth hypothesis was tested using the Pearson product-moment correlation.
For each stimulus, in addition to the WEAR Scale, participants were asked "Do you have any comments on the social acceptability of this device?" These qualitative data are addressed for Hypotheses 1, 2, and 3.
H1 results: No difference between "smartphone" and "smartwatch" descriptions.
The mean WEAR Score did not significantly differ between phone description (M = 3.30, SD = 0.72, n = 689) and watch description (M = 3.36, SD = 0.70, n = 698) at the .05 level of significance (t = 1.53, df = 1385, p = .13, 95% CI for mean difference -0.13 to 0.02).
The overwhelming majority of comments for this device reflected on its size, e.g., large, big, obvious, lunky, bulky, cumbersome, ridiculous, obnoxious, garish. The second most common response stated that such a device would be distracting. While most of the comments were negative in tone, positive comments were made as well, such as "this device could be helpful" and "most people would find it intriguing." One person noted that "As with all clothing, so to speak, there will be a time and place for this."
H2 results: No difference between beige and black earbud images.
The mean WEAR Score did not significantly differ between the beige earbud (M = 3.74, SD = 0.69, n = 695) and the black earbud (M = 3.76, SD = 0.69, n = 692) at the .05 level of significance (t = 0.46, df = 1385, p = .65, 95% CI for mean difference -0.09 to 0.06). The Shapiro-Wilk test for the black earbud group showed mild non-normality (p = .01).
For both pictures, the most frequent theme of the comments addressed the potential for such earbuds to cause social confusion because it is unknown to whom the wearer is listening or speaking. This results in observers feeling confusion and annoyance, and in perceiving the wearer to be rude and weird. The second most frequent theme reflected on the size of the earbuds, mostly in a positive light (e.g., discreet, unobtrusive). But some worried that they could be easily lost, would fall out of one's ear, or could be used for surreptitious listening or recording. For the beige earbud, there were about the same number of comments on the earbud looking like a hearing aid as there were on its size. The black earbud garnered approximately two-thirds fewer comments about appearing like a hearing aid than the beige earbud. However, these differences did not impact WEAR Score differences.
H3 results: The "fitness tool" description was less socially acceptable than the "medical device" description-which is opposite of hypothesis.
The mean WEAR Score did differ between the fitness description (M = 3.25, SD = 0.72, n = 691) and medical description (M = 3.76, SD = 0.60, n = 695) at the .05 level of significance (t = 14.42, df = 1341, p = .00, 95% CI for mean difference -0.59 to -0.45). Equal variances were not assumed and the Shapiro-Wilk test for the medical device group showed mild non-normality (p = .02).
Cohen's effect size value (d = 0.78) suggests a moderate to high practical significance for this finding, which is the opposite of what was hypothesized. Participants' comments offer insights as to why.
For the "fitness tool" description, the majority of comments addressed the perceived negative attributes of the device's appearance, e.g., ridiculous, odd, dumb, stupid, weird, silly. Secondly, comments showed doubts about the usefulness and safety of the device, e.g., unnecessary, sham, doubt regarding its benefits, could be harmful, mind control feel to it, applications not humane.
For the "medical device" description, the majority of comments conveyed that because the device had a medical use, then it was acceptable. In other words, many people felt that its acceptability was dependent on its medical need. This offers a clear explanation as to why the results were opposite of the hypothesis. However, the second most frequent category of comments conveyed that the device was not acceptable because it identified the user as having a problem (e.g., "not for public use"). Additionally, the perceived negative attributes of the device's appearance that were the prime responses to the "fitness tool" description were much fewer and overall toned down in response to the "medical device" description. Comments fell more along the lines of "foreign and strange" rather than "dumb" or "silly." Because this difference in acceptability is an important finding, the Discussion section considers these comments in further detail as well as implications for developers of medical wearables.
H4 results: Silicon Valley participants found the wearables to be more socially acceptable overall as compared to the Midwestern participants.
The WEAR Score did differ between the participants living in the Bay Area two years or more (M = 3.66, SD = 0.60, n = 194) and participants living in the Midwest two years or more (M = 3.49, SD = 0.50, n = 1046) at the .05 level of significance (t = 14.42, df = 1341, p = .00, 95% CI for mean difference 0.45 to 0.59). Equal variances were not assumed and the Shapiro-Wilk test for the Midwestern group (81.8% of participants) showed non-normality (p = .00).
Cohen's effect size value (d = .30) evidenced a small-tomoderate practical significance. This supports the tech affinity that Silicon Valley is known for, however, it also suggests that the differences are less acute than is sometimes portrayed in the media. Since social acceptability depends on local norms, which can be characterized as expectations or Bayesian priors, it is possible that because people in Silicon Valley see a larger number of wearables worn around them, their prior probabilities of seeing wearables are higher when they complete the WEAR scale. Thus, they find them more acceptable than people who have seen fewer wearables and have lower priors.
Other Relationships
The correlation of WEAR scores to gender and education were both weak, but statistically significant. The point biserial correlation for gender showed that males' WEAR score was lower than females' WEAR score (r = -.16, p = .00). The WEAR Score mean for all conditions had a small negative correlation to age of participant (r = -.12, p = .00). The Pearson product moment correlation for education showed that education is negatively correlated with WEAR score (r = -.16, p = .00). There was no relationship between WEAR score and income (r = -.03, p = .22).
DISCUSSION
The results of this study provided a number of insights, some confirming previous research, some challenging previous research, and some offering novel findings. The following sections identify four areas that suggest learning opportunities for the wearables industry.
Whatever It's Called, It's Too Big
For Stimulus 1, there was no difference in WEAR scores between the "watch" description and the "phone" description. It was hypothesized that the social acceptability of the common wristwatch might influence the WEAR score of the device. However, that was not the case, and for both descriptions, the comments focused on the ungainly size of the device and its potential to distract its wearer. Indeed, whether one called it a "watch" or a "phone," the negative attributes of its size and its capability to distract remained. Looking at each Factor's mean score (Figure 2 ), unmet aspirational desires was a greater issue than social fears. This suggests to designers that the device is safe from causing social fears, but that it is important to redesign it aesthetically to better meet the aspirational desires of consumers. Avoiding perceptions like "clunky" and "obnoxious" would lead to a clearer path to market.
Regardless of Color, It Causes Social Confusion
For Stimulus 2, there was no difference in WEAR scores between a beige earbud and a black earbud. It was hypothesized that beige or off-white would carry the negative connotation of being outdated and/or medicalized. However, regardless of color, participants were primarily concerned about the earbuds' potential to annoy others and add confusion to social relations. Indeed, Factor 2 had a lower mean score than Factor 1 (see Figure 3) , which reflects this concern. While Factor 2 was above the Scale's midpoint, the relative contributions of each factor to the overall WEAR score are illustrative for a designer-should the next iteration of the wearable focus on increasing aspirational desire or decreasing social fear? For these earbuds, these results suggest that decreasing social fears should be the focus.
Also, looking at the lowest rated item, marketing would be wise to understand that a major roadblock for earbuds may be that people are reluctant to be a member of the "group" that wears this type of device. For example, one participant thought the earbuds were very similar to Bluetooth headsets and provided this commentary on the "group" that wears this type of device: "Bluetooth headsets are synonymous with…'high-powered' people who in reality just want to externally display their self-importance to cover for a real lack of it." This is important information for the marketing of these types of devices.
Medical Use Makes It Okay
For Stimulus 3, there was a difference in WEAR scores between the "brain fitness" description and the "medical device" description, but the direction was opposite of the hypothesis. In fact, Factor 2 for the medical description garnered the highest rating of the two factors across all devices-it had the greatest absence of social fear.
Looking at the lowest rated item, marketing would be wise to understand that the biggest problem for the headband regardless of description is that it is not consistent with people's self-image. In other words, participants felt "I am not the type of person who wears that sort of thing." This is slightly different from the earbud issue with participants not seeing themselves as part of the "group" that wears such a device. Participants perhaps did not perceive there to be any particular "group" that wears such a headband because it is not in wide use (as earbuds are). This provides a clue to marketing that the "type" of person who wears this headband device needs to be positively defined in a marketing campaign.
These findings highlight a potential discrepancy in prior research between the acceptance of medical necessity for assistive technology and versus the stigma of medical conditions or disabilities. On the one hand, the present results support Profita et al.'s findings (Profita, Albaghli, Findlater, Jaeger, & Kane, 2016) , in which head-mounted display use was deemed more socially acceptable when the device was being used to support a person with a disability. On the other hand, it challenges a wealth of other research that suggests that medical device use is stigmatizing (e.g. Adapa et al., 2017; Parette & Scherer, 2004) . Taken all together, these results suggest that while the user may not want others to know that a wearable or similar device is being used for medical or disability reasons, that information actually makes the device considerably more socially acceptable, because viewers realize the wearer has no choice.
"This Device Could Help People" Is Key
For every set of stimuli, participants agreed most strongly with the statement "This device could help people," matching previous findings (Kelly, 2016) regarding Apple Watch and Google Glass. Because there are now five sets of stimuli in which the driving force in social acceptability was the device's ability to help people, it is reasonable to cautiously generalize this finding to the wearables industry. That is, socially acceptable wearables in general are perceived as helping people, and so development, design and marketing should embrace this aspect. Indeed, this is consistent with the above finding-that medical need makes a wearable more acceptable.
LIMITATIONS AND CONCLUSION
Some limitations of this research are that the setting and context of any given wearable's use is an important consideration in its social acceptability (as some participants commented upon). This study, however, forced participants to render judgments devoid of that context. Additionally, participants were from the Midwest and Silicon Valley, but social acceptability is culture-specific, based on the prior experiences and norms of local communities.
Even with these limitations, the WEAR Scale offers an empirically-derived measure of the socially complex phenomenon of social acceptability of a wearable device. This study demonstrated some factors that do and do not affect social acceptability. Comparing the validated scale factors of aspirational desire and social fear serve as valuable indicators for designers planning the next iteration of a wearable prototype. Also, by applying the WEAR Scale to a baseline set of multiple communities, as begun here, designers can establish a measure of wearable norms within each community, answering the question: Will they wear it?
